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RELATED APPLICATION 

This application claims the benefit of U.S. Provisional Application No. 
60/431,673, filed December 6, 2002. The entire teachings of the above application are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

U.S. Patent 5,999,417 (the '417 patent), the entire teachings in which are 
incorporated herein by reference, discloses a power converter comprising a power 
source and a primary transformer winding circuit connected to the source. A secondary 
transformer winding circuit has at least one secondary winding coupled to a primary 
winding. Plural controlled rectifiers, such as voltage controlled field effect transistors, 
each having a parallel uncontrolled rectifier, are turned on and off in synchronization 
with the voltage waveform across a primary winding to provide an output. Each 
primary winding has a voltage waveform with a fixed duty cycle and transition times 
which are short relative to the on-state and off-state times of the controlled rectifiers. A 
regulator regulates the output while the fixed duty cycle is maintained. 

SUMMARY OF THE INVENTION 

A power converter of certain embodiments of the present invention comprises a 
primary winding circuit and a secondary winding circuit coupled to the primary winding 
circuit. The secondary winding circuit comprises a secondary transformer winding in 
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series with a controlled rectifier having a parallel uncontrolled rectifier. A control 
circuit controls duty cycle of the primary winding circuit. The duty cycle causes near 
continuous flow of power through the primary and secondary winding circuits during 
normal operation. However, in other than normal operation, such as during start up or 
5 with a short-circuit of the output, the duty cycle is reduced to cause freewheeling 
periods. A small filter inductance in the secondary winding circuit is sufficient to 
minimize ripple during normal operation, but it allows large ripple resulting fi-om the 
fi-eewheeling when the duty cycle is reduced. 

The converter may provide no regulation during normal operation. The 

10 controlled rectifiers may be caused to be off during a portion of each cycle when the 
duty cycle is reduced. 

Where duty cycle is reduced to limit current, the duty cycle may be a fimction of 
sensed current. A control circuit may then compare the duty cycle to a threshold and 
shut down operation when the duty cycle drops below a duty cycle threshold. 

15 The secondary winding circuit may comprise plural secondary transformer 

windings. For example, two secondary windings may be coupled to a single primary 
winding. The primary winding may be a fixU-bridge circuit and may comprise a 
capacitor in series with a primary winding. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 The foregoing and other objects, features and advantages of the invention will be 

apparent from the following more particular description of preferred embodiments of 
the invention, as illustrated in the accompanying drawings in which like reference 
characters refer to the same parts throughout the different views. The drawings are not 
necessarily to scale, emphasis instead being placed upon illustrating the principles of the 

25 invention. 

Figure 1 shows a full-bridge, single-transformer, voltage-fed isolation stage that 
incorporates concepts of the '417 patent. 
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Figure 2 illustrates the addition of a capacitor to the primary winding of Figure 

1. 

Figure 3 illustrates the addition of an output fiher inductor to the circuit of 
Figure 2. 

5 Figure 4 shows a control circuit for the circuits of Figures 1-3 and embodying 

the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

A description of preferred embodiments of the invention follows. 

Figure 1 shows a full-bridge^ single-transformer, voltage-fed isolation stage that 

10 incorporates synchronous rectification and the concepts of the '417 patent. The operation . 
of this isolation stage is as follows. For the first half of the cycle, MOSFETs 101 and 103 
are turned on while MOSFETs 102 and 104 are left off, and the voltage is applied 
positively (according to the "dot" convention) across the transformer's primary winding 
1 07. This voltage, modified by the transformer's turns-ratio, appears across the secondary 

15 windings with the appropriate polarity. Power flows into the transformer's primary 
winding, and out of the first secondary winding 1 08 to the output. The voltage at Node B 
is approximately twice the output voltage, and it causes the MOSFET synchronous rectifier 
105 to be turned on. The voltage at Node A is therefore slightly below ground, which 
causes the MOSFET synchronous rectifier 1 06 to be turned off. These states of the rectifier 

20 switches are consistent with the power flowing out of the first secondary winding. 

During the second half of the cycle, MOSFETs 102 and 104 are turned on while 
MOSFETs 101 and 103 are left off, and the voltage Vg is applied negatively across the 
transformer's primary winding. This negative polarity causes MOSFET 106 to be turned 
on, MOSFET 105 to be turned off, and power to flow into the primary winding and out of 

25 the second secondary winding 109 to the output across capacitor 110. 

The secondary windings are not tightly coupled to each other, as indicated with the 
parasitic inductances 113 and 1 14, to achieve the advantages discussed in the '417 patent. 
A similar setup was shown in the topology of Fig. 9 of the '417 patent since it also used a 
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single transformer. 

Care must be taken in this isolation stage topology to insure that the magnetizing 
inductance of the transformer does not saturate. One way to do this is to place a large 
capacitor 215 in series with the primary winding, as shown in Fig. 2. This capacitor will 
5 assume a dc voltage across it that counters any imbalance there may be in the positive and 
negative volt-seconds of the waveforms created by MOSFETs 101-104. Alternatively, 
several well-known techniques to sense the magnetizing inductor's current could be used 
to modify the durations of the first and second halves of the cycle. 

The filters at the output of the isolation stages in the '417 patent are composed of 

10 one or more capacitive and inductive elements. When the isolation stage is voltage-fed, it 
may be desirable to have the output filter begin with an inductor 316, as shown in Fig. 3. 
One benefit this approach provides is that the voltage-fed isolation stages can now be 
operated with a variable duty cycle control strategy to provide a soft-start capability or to 
limit current flow in a short-circuit condition. These fimctions could be provided by the 

15 regulation stages in the topologies depicted in the '417 patent, but if the isolation stage is 
not combined directly with a regulation stage in a single product, then it may be desirable 
to include these functional capabilities in the isolation stage, as well. 

Under variable duty cycle control, the percentage of the overall cycle (the duty 
cycle) that MOSFETs 101 and 103 (or MOSFETs 102 and 104) conduct is reduced from 

20 the 50% value described above . For the remaining, freewheeling fraction of the half-cycle, 
either all of the primary-side MOSFETs are turned off, or at least the two top MOSFETs 
101 and 104 or the two bottom MOSFETs 102 and 103 are turned off. During the 
freewheehng part of the cycle, both diodes 111 and 112 conduct the current flowing 
through inductor 316, and the voltage across the transformer windings is approximately 

25 zero. As is well know, this additional portion of the cycle permits the output voltage to be 
less than Vq divided by the transformer's turns-ratio. How much less depends on the duty 
cycle. 

Since during normal operation the isolation stage is operated at a fixed duty cycle 
in which power is always flowing firom input to output (except during the brief switch 
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transitions), the value of inductor 316 can be relatively small to achieve an acceptable 
output ripple. This reduces the size, cost, and power dissipation of this inductor compared 
to what it might have been. During those times when the isolation stage is operated under 
a variable duty cycle, the ripple in the inductor current may then become large, but the 
5 larger output voltage ripple that results can usually be tolerated for start-up and short-circuit 
conditions. 

As mentioned above, during the freewheeling part of the cycle the diodes are 
carrying the inductor current. This is because the gate drive scheme shown in Fig. 3 would 
cause the MOSFET synchronous rectifiers to be off during this part of the cycle. The 

10 additional power dissipation that occurs due to the higher on-state voltage of the diodes 
compared to that of the MOSFETs can usually be tolerated for the start-up and short-circuit 
conditions because they are normally short in duration. 

If the output voltage is high, then it may be desirable to use a capacitive divider 
technique described in the '417 patent to reduce the voltages applied to the gates of the 

15 MOSFET synchronous rectifiers below that of the vohages appearing at Nodes A and B. 

Figure 4 shows a circuit schematic of a product based, in part, on the ideas 
presented here and in the '417 patent. The ftinction of the product is to provide isolation 
and a transformation of the input voltage to the output voltage according to the turns-ratio 
of the transformer. It does not, in its normal state of operation, provide regulation. As such 

20 it is a very efficient product. One example of its use is to convert a 48V input to a 12V 
output by using a turns-ratio of 4: 1 . Since there is no regulation, if the input voltage varies 
+/- 10%, so too will the output voltage vary +/- 10%. In certain applications, this variation 
in the output is acceptable, and well worth the very high efficiency of the converter, which 
. is 96% in this example. 

25 In addition, since the converter of Fig. 4 does not provide regulation, its output 

voltage demonstrates a droop characteristic. By this it is meant that for any given input 
voltage, the output voltage drops slightly as the output current increases. For instance, the 
output voltage may drop 5% as the output current varies from 0% to 100% of the rated 
maximum value. This droop characteristic provides automatic current sharing between two 
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or more such converters that might be place in parallel. 

Note in this schematic that the IC labeled Ul 00 is a pulse width modulator (PWM) 
control chip that is normally operated such that the gate drive signals that pass through gate 
drivers UlOl and U105 give the fixed duty cycle operation of the flill-bridge described 
5 above. If the current sensing amplifier U104-A senses that the current flowing on the 
primary side of the circuit exceeds a threshold value, it commands the PWM control chip 
to reduce its duty cycle by an amount determined by how large the current gets above the 
threshold value. This provides a current limiting scheme for the product that protects 
against a short-circuit condition. 

10 Note also that comparator U106-A senses the duty cycle output of the PWM 

control chip, and compares it to a threshold. If the duty cycle falls below this threshold 
value, the output of the comparator causes the PWM control IC to shut down. The 
circuitry around this comparator, including transistors QUI and Ql 14, provides a 
latching mechanism such that the PWM control IC remains off once this condition is 

15 observed. 

While this invention has been particularly shown and described with references 
to preferred embodiments thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made therein without departing from the 
scope of the invention encompassed by the appended claims. 

20 For example, whereas the Figures show the secondary side rectification circuit 

arranged in a center tapped configuration with two secondary windings and two 
synchronous rectifiers, as is well known it could be a full wave rectification 
configuration. One could use a fiiU-bridge rectification circuit in which there is only 
one secondary winding and four synchronous rectifiers. Such a circuit reduces voltage 

25 stress on the synchronous rectifiers when they are off by a factor of two during normal 
operation of the converter. 



